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Abstract 
A qualitative case study research investigation of youth outcomes during an Appalachian water-
quality citizen science program 
Jessica Kaplan  
Citizen science has grown in the past decades to not only include everyday people in research, 
but also varying levels of engagement with diverse opportunities for participant learning and 
growth. However, few studies reflect the actual learning outcomes of educational citizen science 
specifically in youth. This single case study research study focuses on assessing learning and 
other outcomes of an environmental education, collaborative citizen science program with youth 
in Morgantown, West Virginia. In this study, a water quality monitoring citizen science program 
focused on Deckers Creek in Morgantown, WV was adapted for a high school afterschool club. 
Potential outcomes of the program were identified using environmental education theory and 
current citizen science frameworks. Semi-structured interviews were conducted with eight 
participants approximately one year and a half into the project to gauge participant outcomes. 
Open and axial coding was used to identify actual participant outcomes, then compared with 
those identified in the literature. Results of the interviews demonstrated that participants 
described a change in motivations to participate in the club, change in awareness of 
environmental issues of Deckers Creek, gain in knowledge related to science content and science 
process, an increase in self-efficacy related to science, and a change in actual and intended 
behavioral changes. Students were able to thoroughly describe water quality and watershed 
issues in Deckers Creek. By understanding participant outcomes, we can learn how a citizen 
science experience such as this one can contribute to learning in a non-formal education 
experience and potentially meet the goals of science education for youth.  
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Chapter 1: Introduction 
In the past 20 years there has been a considerable growth in social science research 
focused on citizen science, which is often referred to as public participation in scientific research, 
citizen and community science, or volunteer monitoring (Bonney et al. 2009). As a research tool, 
citizen science provides efficient and cost-effective data collection (McKinley et al., 2016) which 
can be of comparable accuracy to trained scientists (van der Velde et al. 2016; Fuccillo et al. 
2015). Citizen science also has benefits for those who participate (Dickinson et al., 2012). Recent 
literature has shifted to focus on the outcomes of participating in citizen science to further 
understand it’s benefits for learning.  
A growing number of citizen science projects have started incorporating educational 
goals and objectives (Bonney et al. 2009; Phillips et al, 2016) to increase the public 
understanding of science (Bonney et al. 2016).  Potential learning outcomes for participants have 
been identified using informal science education frameworks (Phillips et al. 2018; Friedman et 
al. 2008; NRC 2012). A recent review by Phillips et al. 2018 identified six broad categories of 
potential learning outcomes within current research: interest, self-efficacy, motivation, content, 
skills of science inquiry, and behavior or stewardship. Their work recognizes that while these 
constructs have been identified as potential outcomes, the overall available research on these 
outcomes combined is sparse with the primary focus on adult participation and little work on 
youth outcomes (Phillips et al. 2018), Further, the majority of the available literature focuses on 
knowledge gained within the programs, so the other participant outcomes remain severely 
uninvestigated (Peter et al., 2019; Stepenuck & Green, 2015).  
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Available literature reviews on citizen science programs reveal few recent studies that 
measured participant outcomes. A review of biodiversity citizen science programs between 2008 
and 2017 revealed only fourteen articles that measure participant learning outcomes out of a 
sample of 608 articles (Peter et al., 2019). Water quality monitoring citizen science programs are 
considered to be one of the largest citizen science activities (Conrad & Hilchey, 201l; Grudens-
Schuck & Sirajuddin, 2019) with an estimated 1,720 groups in the U.S. engaging in water quality 
monitoring as of 2014 (National Water Quality Monitoring Council, n.d.). A review of the 
existing literature on participatory water quality monitoring through 2012 revealed out of a 
sample of 436 peer-reviewed journal articles, only 35 had reported outcomes for participants 
(Stepenuck & Green, 2015), with the highest reported outcome being knowledge gain. The need 
for further research into learning within citizen science in general is apparent.  However, there is 
also a gap in the literature for youth participants.  
This lack of research on youth learning in citizen science is surprising considering the 
growing number of curricula based or educational citizen science projects (Dickinson et al. 2012; 
Trautmann et al. 2012). Citizen science often provides an opportunity for youth to engage in 
inquiry and the process of science, making it a natural addition to formal and informal science 
education. Understanding how learning occurs while participating in citizen science could be 
especially helpful to formal educators who often look to environmental education for an 
engaging, hands on experience (Kountoupes & Oberhauser, 2008). Environmental education 
aims to “produce citizenry that is knowledgeable concerning the biophysical environment and its 
associated problems, aware of how to help solve these problems, and motivated to work toward 
their solution” (Stapp, 1969). Integrating these two fields could obtain desired learning outcomes 
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for youth in science education while contributing to the quality of their local environment (Wals 
et al. 2014).  
The purpose of this study was to understand the actual learning outcomes for youth 
during a collaborative citizen science program (Bonney et al., 2009) that incorporates 
environmental education activities (Hungerford & Volk, 1990). The majority of citizen science 
research has focused on quantitative measures using surveys, providing data related to what 
outcomes the programs have achieved (Peter et al., 2019).  However, these quantitative measures 
have only provided limited insights into how learning occurs within these programs. This study 
used qualitative research methods in order to provide such context and understanding of 
participants’ experiences and their learning. A citizen science framework developed by Phillips 
et al. 2018 and an environmental education framework from Hungerford and Volk (1990) was 
used to identify appropriate constructs for collaborative citizen science programs. Knowledge, 
awareness, motivation, self-efficacy and stewardship behavior were analyzed in the context of a 
collaborative citizen science program that provides opportunities for environmental education.  
Research Questions  
1. What outcomes do students describe after participating in a collaborative water quality 
citizen science program? 
2. What themes arise within these outcomes? 
Construct specific research questions:  
1. What are the motivations for youth who participated in WATER club? 
2. How does participation in WATER club impact youth’s awareness of the issues of 
Deckers Creek? 
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3. How does participation in WATER club impact knowledge of conducting science, water 
quality, and citizen science? 
4. How does participation in WATER club impact student’s science self-efficacy?  
5. How does participation in a collaborative, citizen science program impact youth’s 
beliefs and/or actions about stewardship? 
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Chapter 2: Literature Review 
Introduction 
Citizen science is the intentional involvement of non-professionals or members of the 
public in scientific research.  It is sometimes referred to as community science, public 
participation in scientific research, volunteer monitoring or more recently community and citizen 
science (Miller-Rushing et al., 2012; Dickinson et al. 2012; Phillips et al. 2018; Bonney et al., 
2009a; Wiggins & Crowston, 2011; Ballard et al., 2017) with slight subtleties between terms. 
The practice of using the public or volunteers to collect data for scientific research has been used 
for hundreds of years to answer large scale research questions (Miller-Rushing et al., 2012). 
Recently this definition has expanded to include other tasks necessary in the research process 
that involve the public (Bonney et al. 2009a). Much research has been done on the effectiveness 
of citizen science as a research tool focused on the science, (Dickinson et al., 2012), but a 
developing field of educational research is growing around the potential outcomes for citizen 
scientists or those who participate in citizen science.  Because citizen scientists are directly 
involved in one or more steps of the scientific method, this can lead to “hands-on” experiences or 
inquiry-based learning (Bombaugh, 2000) as well as an increased understanding of science and 
the process of conducting scientific research (Bonney et al. 2009a). Because of this, citizen 
science has been used as a tool for education for the general public and youth.  
Participation in Citizen Science 
In order to understand how citizen science can impact a participant, it is important to 
understand what participation in citizen science actually looks like today. There are a wide 
variety of projects available, with some living entirely online, such as Galaxy Zoo, where 
participants log onto Zooniverse.org and help scientists classify photos of asteroids by their 
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shape. Other projects such as eBird, hosted by Cornell University, have participants identify bird 
species they see outside their homes or during their travel and allow them to share their sightings 
on a mobile app. Participants in both projects are engaging in citizen science, however they 
differ in settings, effort, skills, knowledge and technology need to participate. With thousands of 
projects aimed at millions of participants (Bonney et al., 2014), there is a plethora of 
opportunities to engage with citizen science.  
Participant engagement in a citizen science project generally increases as the task of 
citizen scientist moves from entry level data collection to potential data analysis, communicating 
to others, or conducting more steps in the scientific method. These levels from least participation 
to most have been labeled contributory, collaborative, and co-created (Bonney et al., 2009a). 
According to Bonney et al. (2009a), contributory projects are primarily designed to involve 
members of the public in data collection. Collaborative citizen science projects are generally 
designed to allow the public to collect data but may also help to refine the project design, analyze 
data or share the results (Bonney et al, 2009a). Finally, co-created projects are designed by both 
the public and scientists together and both parties are active in all the research processes (Bonney 
et al., 2009a). These categories were later expanded by Shirk et al. (2012) to include contractual 
and collegial citizen science programs.  
Participation and engagement is a widely cited classification or typology of citizen 
science, but others do exist such as Wiggins and Crowston’s categorization of Action, 
Conservation, Investigation, Virtual, and Education (2011); Bonney et al.’s classification of Data 
Collection, Data Processing, Curriculum-Based and Community Science (2016) or more recently 
the Stasser et al. classification of Sensing, Computing, Analyzing, Self-reporting and Making 
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which focuses on the qualitative aspects of the program and does not assume a hierarchy of 
engagement (2019).  
Phillips et al. (2018) suggests that the previous classifications of engagement in citizen 
science through project type such as contributory, collaborative and co-created did not accurately 
depict what engagement actually looks like within citizen science. Instead, they propose a new 
framework specifically for engagement, the Dimensions of Engagement Framework that 
incorporates how participants can be engaged through behavioral activities, affective/feelings, 
learning/cognition and social/project connections (Phillips et al. 2019). Understanding how 
people can potentially engage with citizen science ultimately helps to uncover the outcomes of 
participating in these various projects.  
Potential for Education 
Early work on the outcomes of citizen science focused on science literacy and science 
education. In the late 20th century and early 21st century there was a push for a general public 
understanding of science (Liu, 2009), that can be seen through reforms of the National Science 
Education Standards (National Research Council; 1996). Research during this time from the 
National Science Board showed that the general public understanding of basic scientific concepts 
and inquiry was insufficient for informed decision making (National Science Board, 2002). 
Informal science education was seen as a possibility to engage the public and youth with science 
outside of the classroom. Early studies of the educational potential of citizen science tried to 
tackle the question if informal education like citizen science can be used to address science 
literacy broadly and specifically on various constructs like inquiry, knowledge, and attitude 
towards science (Trumbull et al., 2000; Brossard et al., 2005; Evans et al., 2005). This sparked a 
field of research interested in assessing learning outcomes through citizen science. Now there is 
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more available literature on the potential for citizen science to be used in the context of informal 
science education (National Academy of Science, 2018).  
Assessing Citizen Science Outcomes 
Initial assessments of citizen science relied on evaluations that provided details about the 
participant demographics, but relied on participant self-reports of knowledge and attitude 
changes (Brossard et al., 2005). There was not a unified approach to assessing outcomes 
throughout the literature and some evaluation of participant outcomes used a variety of theories 
and measures to tackle what outcomes could participants show when engaging in citizen science 
(Phillips et al., 2018). Through these past two decades of research, we now understand that 
citizen science has the potential to evoke participant outcomes such as developing science 
inquiry skills (Trumbull et al., 2000; Becker et al., 2013; Meyer et al., 2014); increasing 
participant’s knowledge of scientific content related to the program (Brossard et al., 2005); 
behavior and stewardship, self-efficacy, motivation to achieve a science or environmental 
activity and interest in science. The majority of studies done on learning outcomes of citizen 
science have focused on learning in adults (Phillips et al. 2018). Further a review of biodiversity 
citizen science projects revealed that the most commonly studied outcome was content 
knowledge, generally suspected to be because of the educational objectives in the citizen science 
programs (Peter et al., 2019).  
Poor project and assessment planning can lead to project implementation that does not 
reach the intended goal (Druschke & Seltzer, 2012) and therefore lose the opportunity to achieve 
the intended learning outcomes. And just because a project might offer resources that aid in 
learning, does not mean that learning is properly facilitated. For example, Thompson, Bonney, 
and Bearman (2007) showed that the majority of “active users” of eBird, a popular citizen 
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science online project, did not properly use the extensive online data-analysis tools and may have 
been drawing inaccurate conclusions about their data because of a lack of knowledge on how to 
use these tools for their particular research question. Best practices in CS project design now 
entail linking project goals and objectives to specific learning outcomes, especially in formal 
learning environments, such as curriculum-based projects.  
Citizen Science for Youth Education  
While there is a great deal of literature available on potential outcomes for adults, there is 
a lack of unified research on the specific outcomes for youth learning through citizen science. 
There has been a recent shift in using citizen science in classrooms by teachers to address 
learning outcomes identified in the Framework for K-12 Science Education and the Next 
Generation Science Standards (National Research Council, 2012; Bird, 2019), however, there is 
still a gap in studies that effectively assess the learning outcomes of youth participation in citizen 
science (Bird, 2019; Ballard et al., 2017; Phillips, 2017; Crall et al., 2012; Hiller & Kitsantas, 
2014; Kountoupes & Oberhauser, 2008; Trumbull et al., 2000).  
Kountoupes and Oberhauser (2008) used a mixed methods approach to identify youth 
outcomes during an informal citizen science project, the Monarch Larva Monitoring Project. The 
adult leaders during the project were surveyed and interviewed on their perceptions of their 
youth group’s outcomes, which included “understanding real scientific research”, “feeling like a 
scientist”, “doing something important”, learning about the content of the project, social gains, 
potential career focus, and leadership skills (Kountoupes & Oberhauser, 2008, p. 15). While this 
study showed the potential for youth outcomes through citizen science, further research that 
involved youth directly reveals additional outcomes.  
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Quantitative approaches to understanding youth outcomes have faced challenges in 
survey design from a lack of unified measurement tools. Hiller and Kitsantas’ quasi-
experimental study of the effect of a citizen science program on STEM career motivations and 
science performance showed that self-efficacy, interest, academic achievement and expectations 
all influenced career planning (2014). Crall et al. also surveyed youth participants in a horseshoe 
monitoring citizen science program and found impacts to science literacy and content knowledge 
related to the resource, as well as self-reported pro-environmental behaviors, through pre/post 
surveys (2012). However, these increases were marginal (Crall et al. 2012).  
Pitt and Schultz used a qualitative, mixed methods, multiple case study research approach 
to analyze three different Forest Service sponsored citizen science projects to see if these projects 
are currently meeting their objectives for students’ outcomes (2018). Their student interviews 
revealed that students in the Alaska Natural Science Course, which involves visits from the 
Forest Service to the classroom and one field trip for a duration of one semester, showed an 
increase in knowledge related to the resource studied and an increase in stewardship and 
appreciation of the resource (Pitt & Schultz, 2018). Interview analysis of their second case study, 
Montana Youth Forest Monitoring Program which is a seven-week internship, showed that 
students had an increase in career interest in science from the program and knowledge of data 
collection methods (Pitt & Schultz, 2018). Finally, their last case, Delta Apprenticeship in 
Science and Engineering which is a six-week program for two students, showed youth outcomes 
such as an increase in knowledge of science and engineering topics and an increased career 
interest in science (Pitt & Schulz, 2018). These case studies show the potential significance of 
longitudinal research on youth outcomes in citizen science using qualitative methods.  
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 Some citizen science projects have adopted specific outcomes related to science 
education, which are then labeled curriculum-based projects. A curriculum-based project focuses 
on having learning outcomes and lesson plans to achieve that specific goal (Bonney et al., 2016). 
A variety of curriculum-based citizen science projects are now available that draw upon 
environmental educational activities (Wals et al., 2014; Bonney et al., 2016; Trautmann, 2013). 
For example, the University of Minnesota’s environmental education program, Driven to 
Discover, provides curriculum for both classroom use and youth programs on pollinators, 
phenology, birds, dragonflies (Driven to Discover, n.d.) Curriculum guides from Cornell 
University, such as BirdSleuth, employ a similar hypothesis driven approach. Curriculum-based 
citizen science demonstrates the potential power of citizen science, environmental education, and 
science education to facilitate youth learning which is described by Wals et al. (2014). While the 
benefits of such a program are apparent for science education, there is a lack of a unified 
theoretical framework for this type of citizen science program. The theoretical frameworks for 
each could be compared to provide more appropriate potential outcomes for participants.  
Conceptual Frameworks  
Recent conceptual frameworks have emerged to understand learning outcomes from 
citizen science. One framework proposed by Phillips et al. (2018), which incorporates strands 
from both the National Science Foundation (Freidman, 2008) and the National Research Council 
Framework (2012) identifies six main learning outcomes in citizen science: interest, self-
efficacy, motivation, content and the nature of science knowledge, skills of science inquiry, and 
behavior & stewardship. While these learning outcomes are possible when engaging in citizen 
science, not all of them can or should be achieved by a single project (Phillips et al., 2018). 
When determining which learning outcomes are appropriate for what projects, it is important to 
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understand the project’s goals and objectives, which should define the specific intended 
outcomes (Jordan et al., 2012).  Environmental education theory could be used to help identify 
appropriate learning outcomes for these projects and help move forward citizen science research. 
 One widely cited environmental education framework discusses how to move participants 
though a continuum of outcomes, from awareness and interest, to knowledge and skill 
development to finally stewardship behavior (Hungerford & Volk, 1990) through entry, 
ownership and empowerment level. It appears that citizen science and environmental education 
offer complementary approaches to move participants towards stewardship, yet little research has 
addressed this. For example, entry level activities such as awareness can be linked with entry 
level participation in citizen science (contributory) and ownership and empowerment level 
activities like behavior can be linked to higher engagement projects, such as co-created citizen 
science programs (Hungerford & Volk, 1990) as seen in Table 1 below.  
Table 1.  











Potential Appropriate Outcomes to 
Target (Bonney, et. al., 2009a; 
Friedman, 2008; NRC, 2009; Phillips 
et al. 2018) 
Contributory Low level Entry level 
variables 
1) Interest; appreciation; engagement 
2) Awareness; Limited knowledge—
related to resource (water quality, etc.) 





1) Increased interest; appreciation; 
engagement 
2) Awareness; Limited knowledge—
related to resource, & science process 
3) Identity (attitudes; confidence; 
personal “investment”, etc.) 
4) Skills—related to procedural steps in 
CS projects (data collecting, etc.) 
Co-Created High level Empowerment 
level variables 
1) Increased interest; appreciation; 
engagement 
2) Increased knowledge & 
understanding—related to resource, & 
science process (moving towards 
scientific literacy) 
3) Increased Identity (attitudes; 
confidence, etc.) 
4) Behavior & Skills—intentions & 
behaviors related to project & science 
(participating in other CS; conservation, 
etc.) 
 
This alignment of the appropriate outcomes noted above from Phillips et al., (2018) to the 
Responsible Environmental Citizenship model (Hungerford & Volk, 1990) allows for a 
distinction of outcomes between levels of engagement in citizen science projects. Commonly 
accepted objectives for environmental education include awareness, knowledge and 
understanding, attitudes, and skills. For this study, the contributory level of engagement was 
used based on the outcomes that fall within the ownership level of the Responsible 
Environmental Citizenship model, which most closely includes increased interest and awareness, 
limited knowledge, identity and skills (Hungerford & Volk, 1990). These outcomes have also 
been identified from results of citizen science participation as previously outlined in the 
framework from Phillips et al. 2018 and were considered the anticipated or hypothesized 
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outcomes of this study. The outcomes this case study research focused on were those that were 
appropriate for a collaborative citizen science program.  
Potential Learning Outcomes from Frameworks 
 The following outcomes noted above will be discussed in detail below and have been 
identified from the previous citizen science frameworks and environmental education 
frameworks (Phillips et al., 2018). These are all potential outcomes that could occur within a 
citizen science program, but the degree to which they occur will differ depending on the actual 
objectives of the program (Jordan et al., 2012). As noted earlier, based on the wide diversity of 
CS projects and levels of participant engagement, all CS projects should not attempt to address 
all these outcomes.   
Content Knowledge and Environmental Awareness 
Phillips et al. 2018 separates knowledge into three main categories: 1) knowledge and 
understanding of science content, such as facts or concepts; 2) knowledge and understanding of 
the science processes or the methodologies used to conduct research; and 3) the knowledge of 
the Nature of Science or how science is used to generate knowledge. Awareness is closely 
related to knowledge and understanding and in some cases reported together (Phillips et al. 
2018). All projects that require public participation usually contribute to awareness, knowledge 
and the understanding of the scientific concepts discussed in the project (Bonney et al. 2009b).  
For example, Jordan et al. (2011) saw an increase of awareness of the effects of invasive plants 
on the environment with awareness and knowledge used interchangeably. The Neighborhood 
Nestwatch program (2005) also reported awareness and knowledge gains, however, these terms 
were also used interchangeably. These studies failed to define awareness, so we will look to 
environmental education, where awareness is a key construct in the Responsible Environmental 
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Citizenship Model, and is defined as a “sensitivity to the total environment and its allied 
problems and/or issues” (Hungerford and Volk, 1990, p. 258).  
Motivation 
 Motivation for participation in citizen science can be defined as “goal-driven inclination 
to achieve a science or environmental behavior or activity” (Phillips et al. 2018; Peter et al., 
2019). A review by Peter et al. in 2019 showed that out of 14 recent biodiversity citizen science 
studies that measured participant outcomes, none explicitly measured motivation for studying 
science and the environment, even though motivation was listed as a viable outcome for 
participants in the framework developed by Phillips et al. (2018). This represents a significant 
gap in the literature on motivations for science and the environment in biodiversity citizen 
science projects (Peter et al., 2019). Other studies on motivation have focused on similar 
constructs, including STEM career interest (Hiller & Kitsantas, 2014).   
Science Self Efficacy 
Self-efficacy describes a person’s beliefs about their ability to learn specific content and 
to perform a specific behavior (Bandura, 1997). According to Phillips et al. 2018 (p. 8), self-
efficacy for citizen science “is the extent to which a learner has confidence in his or her ability to 
participate in a science or environmental activity.” Interestingly, studies have noted that an 
increase in awareness of citizen scientist’s own scientific knowledge and ability may actually 
lead to a drop in confidence in their own scientific knowledge and ability because of the 
realization of how much there is to learn (Price & Lee, 2013; Bonney et al., 2016). 
Behavior and Stewardship  
Behavior change and stewardship in citizen science can be defined as “measurable 
actions resulting from engagement in citizen science, but external from the protocol activities 
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and the specific project-based skills” (Phillips et al. 2018, p. 10). In their review of behavior and 
stewardship in citizen science, Phillips et al. identified five categories of behaviors: global 
stewardship, place-based behaviors, new participation, community or civic action, and 
transformative lifestyle changes (2018). Research to support these potential behaviors has been 
limited. Knowledge of how to perform the changed behavior has to be explicitly made to 
participants (Phillips et al. 2012; Tommey & Domroese, 2013). Environmental education also 
utilizes the construct of stewardship behavior and change. The previously cited environmental 
citizenship model from Hungerford and Volk describes the linkage of environmental sensitivity, 
attitude, knowledge, skill and locus of control that contribute to citizenship behavior (1990). This 
describes the process that a participant needs to go through in order to perform stewardship or 
environmental citizenship behavior, such as becoming aware of the issue, learning more about 
the issue, and personally investing in the environment before they feel they are able to do 
something about it and intent to act in a pro-environmental way.  
Water Quality Monitoring CS 
Water quality monitoring citizen science represents one of the most prolific forms of 
public participation in research, with an estimated 1,720 current water quality monitoring groups 
(National Water Quality Monitoring Council, 2020). A review of volunteer water quality 
monitoring programs in 2015 revealed that outcomes for participants include: knowledge gain, 
change in attitudes or behaviors, attainment of social and personal benefits, attainment of voice 
in decision making, and an increase in amount and effectiveness of civic participation 
(Stepneuck & Green, 2015).  Not only does studying water quality outcomes for participants 
benefit the citizens, it also can have benefits for program designers and researchers using citizen 
science. A recent review of freshwater citizen science programs focused on the attributes of 
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citizen scientists that lead to successful programs found that participants who were 
knowledgeable and had experience with data collection (or prior experience with citizen 
science), aware of environmental issues, and motivation, and socio-economic background all 
played an important role in the success of a water quality monitoring project (Capdevila et al. 
2020).   
Conclusion  
 Citizen science can lead to educational benefits for its participants, especially youth, 
however more research on the actual outcomes achieved through various project designs is 
needed to substantiate these findings. Important questions remain, such as what type of CS 
project leads to what type of learning outcomes, or what level of participant engagement leads to 
what type of learning outcome?  Moreover, the use of citizen science in education has the 
potential to reach educational standards for formal and nonformal education. Additionally, 
qualitative case study research (Yin, 2015) could allow for a deeper understanding of how 
participation and learning is linked to outcomes in citizen science. This presents a gap in the 
available literature on educational outcomes for youth involved in water quality monitoring 
citizen science, which this study focused on.  
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Chapter 3: Methodology 
Design 
 Citizen science suffers from a lack of quality cross-programmatic research (Phillips et al., 
2012; Phillips et al., 2018) due to site and program specific outcomes and also to the time and 
expertise needed to conduct social science research. The variety of ways participants engage in 
programs this further complicates the issue. This study used a qualitative retrospective case study 
research design to understand youth participant outcomes in the context of a citizen science 
program (Yin, 2015; Street & Ward, 2012). The aim of qualitative research is to understand how 
individuals interact and make meaning in with their world (Merriam, 2002). This differs from 
using a quantitative approach because there can be multiple realities and lived experiences and so 
the goal is to understand that reality at a moment in time (Merriam, 2002). In a qualitative 
interview, it is the work of both the participant and the research to make sense of the participants 
experience and make meaning (Brinkman & Kvale, 2015). This approach allows for greater 
depth and richness of answers to research questions and reveals the “how” and “why” of a 
participant’s answers, which was a goal of this study to understand how these outcomes come to 
be through the participants own experiences.  
  Water quality monitoring programs often record similar scientific information, specific 
aspects of the program such as scientific activities, goals, objectives and target audiences are 
unique to each program and the local context (Bela et al., 2016). Because context matters, citizen 
science lends itself well to case study methodology, which will be used in this study to 
understand participant experiences and learning. Recent publications on citizen science and 
education have used a single case study research methodology (Aivelo & Huovelin, 2020; 
Harris, 2017). Some have even chosen to focus on an individual within a program (Bird, 2019). 
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The bounds for this case study research were the WATER (West Virginia Action Towards 
Environmental Restoration) Club, the contextual setting in which the high school students 
participated in both the citizen science program and the environmental education activities. A 
qualitative research design (Merriam & Tisdell, 2015) was used to collect data from semi-
structured interviews with students after their involvement in WATER Club.    
Positionality  
This study was part of a larger CS project, consisting of multiple community 
organizations and partners, but all engaged in monitoring water quality of Deckers Creek.  My 
research focuses on the local high school, where a local high school teacher created an after-
school citizen science club (WATER club) to participate in this larger project. At the beginning 
of the project, we recruited students to participate in WATER club, where they had the 
opportunity to opt-into a larger study. The club was not exclusive and anyone could join or leave 
as they please, including participants in the study. This research study was centered around the 
students who consistently participated in club meetings and activities.  
In the beginning, my role as a graduate assistant was to write meeting outlines and 
environmental education activities that were delivered during WATER club. The students 
participated in place-based water quality activities and sampling. I, along with two other 
educators on the team, planned all of the activities, led field trips, and facilitated discussions and 
data collection through a constructivist lens. I was known to my students as the “grad student” 
from WVU working to help lead the group in data collection and discovery. Now, at the end of 
this project, my final role was “the researcher” as I interviewed students on their beliefs towards 
stewardship, knowledge of local water issues, and their perceptions of their ability to “do” 
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research. Because my role as an instructor and researcher are intertwined, I acknowledge that I 
have had an impact on my students, which could influence their responses during the interviews. 
As an instructor for about a year, I enjoyed an “insider” look into the WATER club by 
learning the personalities of my students. I got to know the students both on an individual level 
and as a group during club meetings and field trips. As someone who has a background in 
conservation biology and training in environmental education, stewardship and environmental 
responsibility are the forefront of my personal view. Because this study touches on 
environmental stewardship, activism and local politics were also mentioned by the students 
during the study. I facilitated a candid, open platform during causal conservation for such issues 
to be addressed. Throughout this study, I aimed to conduct an assessment of the club that not 
only reflects their experience throughout this process but also allows them the opportunity to 
voice their own views on stewardship.  
Site 
 The study took place in Morgantown, West Virginia. According to the U.S. Census 
Bureau estimates, only 20.3% of the West Virginia’s population 25 years or older have a 
bachelor’s degree or higher education, suggesting a potential need for supplemental informal 
educational experiences (2018) in this state. Citizen science water quality data collection and 
education will occur on Decker’s Creek, a tributary to the Monongahela River which is a major 
source of municipal water. Decker’s Creek is known to have a history of pollution that includes 
abandoned surface mining and acid mine drainage, trash, combined sewage overflow, and other 
nonpoint sources (Stewart & Skousen, 2003). Efforts from a local watershed association (Friends 
of Deckers Creek (FODC)—another community partner on this project) have been made to 
monitor and improve the water quality of Deckers Creek through citizen science and remediation 
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efforts. This study built upon the existing citizen science program framework provided by this 
local watershed association. This citizen science program was adapted for an after-school club at 
a local public high school. 
Citizen Science Program 
 This study focused on the WATER Club (West Virginia Action Towards Environmental 
Restoration), which is an afterschool club open to 9th through 12th grade students. The WATER 
Club met every 2-3 weeks and served two functions: 1) to act as an extension of a local 
contributory water quality monitoring program, and 2) to provide environmental education 
opportunities related to water quality to students. Participants in the club collected water quality 
and visual data that described Decker’s Creek and reported that data on Citsci.org, an online 
platform for citizen science projects. This data was then reported in an annual newsletter 
distributed online and to members of the partner watershed association. The WATER Club 
adopted the Friends of Deckers Creek’s citizen science framework, but also incorporated a 
variety of environmental education activities and lessons to enhance citizen science engagement, 
allowing participants opportunities to “move” from the current contributory model to a more 
collaborative model.  
 The environmental education curriculum used to enhance engagement was composed 
from a variety of sources focusing on water, watersheds, quality and stewardship (Appendix C). 
These activities were presented in context of the scientific method (Crall et al., 2012) and used 
an experiential learning theory (Kolb, 1984) framework for each lesson, which included an 
experience, reflection, and active conceptualization and experimentation. Other watershed 
education and monitoring programs have used this framework (i.e. GREEN; Stapp, 2000; Gruver 
& Luloff, 2008). The educational activities were modified from the Meaningful Watershed 
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Educational Experience program, Project WET, Maryland Explore and Restore Streams 
Program, Izaak Walton League Save Our Streams, and the Illinois Riverwatch Stream Discovery 
program. The WATER Club leaders included staff from the Friends of Deckers Creek, and a 
graduate student and professor from West Virginia University. These leaders provided six 
sequenced lessons focused on the steps of the scientific method that allowed students to explore 
the citizen science data and other environmental data such as macroinvertebrate and physical 
stream habitat features to further assess the health of Deckers Creek. The students then helped 
plan an educational outreach project that they delivered to the public at a local creek restoration 
event. 
Timeline of Curriculum 
  The WATER club was created in February, 2019, by a teacher at a local high school and 
a participant in this study (Participant 4). The afterschool club met in person every two to three 
weeks during the school year for a year and a half until March, 2020. Instructors from West 
Virginia University, including the research team, and the Friends of Deckers Creek led six 
environmental education lessons focus on the water quality of Deckers Creek, which is located 
on the school’s property. The club met in the teacher’s classroom afterschool, then weather 
permitting, would walk to the creek outside of the school to take water quality samples for the 
Friends of Deckers Creek citizen science project. Sampling was done at almost every club 
meeting as a regular monitoring effort for the Friends of Deckers Creek. To teach the students 
about the creek’s health and the importance of citizen science, the students also participated in 
the environmental education lessons (Appendix C).  
 The first lesson focused on introducing the students to Deckers Creek and how to sample 
water quality (pH, conductivity, salinity, and total dissolved solids) and what constitutes healthy 
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water quality (Appendix C: Lesson 1). Students performed a stream bank assessment from 
Maryland DEP’s Explore and Restore curriculum. The second lesson focused on the watershed 
level impacts to Deckers Creek (such as acid mine drainage, farming, urban runoff, etc.) and had 
the students use a LaMotte Water Quality test kit to test for parameters such as phosphorus, 
nitrogen, dissolved oxygen, etc. (Appendix C: Lesson 2) and to explain the results of their tests. 
These two lessons took place over multiple club meetings in April and May of 2019. The 
students then had a summer break, where there was one field trip in August, 2019 to West 
Virginia University’s forest near Cooper’s Rock State Park to sample water quality at a creek off 
one of the trails. At this meeting, compared the water quality of the University forest to that of 
the EPA’s standards and reflected on the differences between that location and the high school.  
 In September 2019, the students were given the opportunity to present what they have 
learned about the Deckers Creek watershed to other students from the West Virginia University 
Upward Bound program, which was comprised on high school students from Preston County. 
Some students from the club planned a meeting at the Outdoor Learning Park in Sabraton, WV, 
to present on the water quality of Deckers Creek, the major sources of pollution such as acid 
mine drainage, and on citizen science. This experience is mentioned through some of the 
student’s interviews as “presenting to the Preston county kids.” The meeting between the 
WATER club and the Upward Bound group was entirely planned and facilitated by members of 
the WATER club, with the support of instructors.  
  Lesson 3 (Appendix C) took place over the course of three club meetings. Students 
sampled for macroinvertebrates and collected citizen science data on two occasions at Deckers 
Creek outside of the high school and on one field trip to the West Virginia Botanic Garden 
(WVBG). Two club meetings in September, 2019 and October, 2019 were dedicated to sampling 
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at the high school, then one meeting in October, 2019 at the WVBG. During the meetings at the 
high school, the Friends of Deckers Creek demonstrated the West Virginia Department of 
Environmental Protection’s (WVDEP) protocol for sampling macroinvertebrates and students 
identified and recorded the samples using the WVDEP reporting datasheet. During the meeting 
at the botanic garden, students sampled for macroinvertebrates in small groups and recorded 
citizen science data at the site. During the winter of 2019, over multiple meetings, students 
recorded the data they collected into CitSci.org, the online platform that Friends of Deckers 
Creek uses to record their citizen science data. 
  In February 2020, students used CitSci.org and Excel to create visual representations of 
the data such as tables and graphs to compare data across multiple locations in the Deckers Creek 
watershed (Appendix C: Lesson 4). In early March 2020, Dr. Smaldone delivered a presentation 
on effective science communication to the students with a hands-on demonstration from Project 
WET (“A drop in the bucket” activity) to explain good communication techniques. The students 
were then asked to work in groups to create a communication project that they could present at 
the restoration event that was scheduled to occur in May of 2020 but had to be rescheduled due 
to COVID-19. On March 14th, West Virginia public schools were closed until the end of the 
school year. The WATER club met online for the remainder of the year and into the summer of 
2020. In April 2020, a Zoom meeting (zoom.us) was held for a guest speaker, Dr. Jim Anderson 
from West Virginia University’s Division of Forestry and Natural Resources. Dr. Anderson 
spoke about potential restoration solutions for Deckers Creek such as bio-logs, live stakes and 
tree plantings (Appendix C: Lesson 5). The club had a Zoom meeting once a month from May to 
October 2020 to work on their communication projects and to plan a restoration event. 
Conversations included discussing the budget and materials needed to complete the restoration. 
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There was one in-person opportunity presented in June, 2020 where students could come to the 
Outdoor Learning Park to help pull invasive species and plant native shrubs. Proper social 
distancing and COVID-19 guidelines from the state were followed, however, only one former 
student attended.  
 On October 10th 2020, the Deckers Creek Restoration Celebration was held at the 
Outdoor Learning Park, where the WATER club members (current and former students) 
presented a poster and a flyer (Appendix D) about the activities of the club, the water quality of 
Deckers Creek and the restoration plan for Deckers Creek. This event was open to students and 
family members and social distancing guidelines and COVID-19 protocols from the state of WV 
were followed. The event was live-streamed on the WATER club’s Instagram page as well as the 
Friends of Deckers Creek. Participants planted sapling trees in the floodplain of Deckers Creek 
and also install bio-logs, which are biodegradable erosion prevention logs, in the stream bed of 
Deckers Creek. This event marked the conclusion of the WATER club’s environmental 
education programming.  
Participant Sample 
The sample consisted of local high school students that are members of the afterschool 
group, the WATER Club. High school represents a critical time for students to develop career 
interests, which makes this age-group of interest to citizen science programs (Hiller & Kitansas 
2014; Baram-Tsabari & Yarden, 2011). The WATER Club was created by a high school science 
teacher and another senior student in January of 2019. Students in the club were also asked to 
participate in the voluntary evaluation study. The sample consisted of high school students that 
self-selected to participate in the afterschool program and study, representing a purposive 
sample. A purposive sample was appropriate for this study design because it is aimed at 
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understanding the specific bounded case, which is the WATER Club and their citizen science 
program (Merriam & Tisdell, 2015). This sample was used to understand the impact of the club 
and curriculum on the student experiences, which would not be extrapolated to a larger 
population, which is consistent with case study research. In order to be included in the study, the 
students obtained parental consent, provided their assent, attended club meetings, participated in 
citizen science data collection, and participated in an interview. All club members that met the 
requirements, including past members, were contacted for interviews (total of 14). Members 
were contacted using Remind, which is a school messaging phone application that allowed 
students to receive announcements from teachers for a designated class. Most school clubs at this 
high school had a Remind page at the time of this study, and this phone application was our 
primary form of contact with the students. We originally had a goal of 10 interviews, which is 
within the range of five to 25 interview participants as suggested by Brinkmann and Kvale 
(2015), however, a total of eight students were interviewed due to student availability 
(Brinkmann & Kvale, 2015). 
Measures 
 Data were collected using semi-structured interviews (Merriam & Tisdell, 2015). 
Interviews were conducted according to WVU IRB protocol: 1903511420 and were kept 
confidential. Interviews took place via Zoom (zoom.us), with audio recording to understand the 
students’ actual outcomes related to citizen science and environmental education. The interview 
protocol can be found in Appendix A. Questions linked to their appropriate construct with 
references can be found in Appendix B. Interview questions were based on the participants’ 
experience in WATER Club and some questions were adapted from a study by Ballard, Dixon, 
and Harris in 2017, that covered similar outcomes to those expected in this study. This study 
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used exclusively qualitative uncover participant outcomes in youth, so it served as a starting 
point for this study, but other studies with interview components were reviewed for questions as 
well (Price & Lee, 2013; Knapp & Poff, 2001; Hiller, 2012; Tommey & Domroese, 2013; see 
Appendix B).  
Data Collection & Analysis 
 Interviews occurred took place in July, August and October of 2020. Due to the COVID-
19 pandemic, interviews and club events were adjusted due to safety measures and to be flexible 
with participants’ schedules. Many of the participants were senior high school students in March 
of 2020, so they had graduated at the time of the interview. Only two of the participants were 
still students at the high school at the time of the interviews.   
All of the data sources relevant to this case study research such as interviews and 
curriculum (Appendix C) were collected to create a “case study research database” (Merriam & 
Tisdell, 2015; Yin 2015). Interviews were transcribed with the aid of the website otter.ai, then 
reviewed with the audio to correct any discrepancies. Transcripts were then uploaded and coded 
using Dedoose (dedoose.com), where content analysis was used to review the documents 
(Bowen, 2009; Stemler, 2001) and to create general themes based on the original research 
questions. A-priori codes were used to identify specific constructs such as motivation, 
knowledge and awareness, science self-efficacy and stewardship behavior through deductive 
coding during the first round. The second round of coding was used to create child codes and 
emergent themes. Once this process was finished, the results were compared to themes within the 
existing citizen science literature and theoretical frameworks. 
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Limitations 
 While the case study research approach has been used for citizen science research in the 
past, it is not without its limitations. Transferability of this study to a broader context is 
challenging, but the context and instructional content are provided to give full insight into the 
case. This small sample of students limits the scope and transferability of the study. An audit trail 
was used to increase the internal validity of the study since the qualitative interviews are a large 
portion of the data analyzed in this study (Merriam & Tisdell, 2015). The researcher positionality 
was be taken into consideration, as the researcher was part of the group for the duration of the 
study, attending and leading half of the meetings.  
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Chapter 4: Results 
Fourteen students were contacted about participating in an interview, and eight student 
interviews were completed (response rate of 57 %). Students were asked a variety of questions 
related to their participation in the WATER club. Interviews lasted between 20 to 60 minutes 
depending on the student. Interviews were first coded with a-priori codes related to the key 
constructs in the research questions—awareness, motivation, knowledge, self-efficacy and 
stewardship behaviors—and then a second round of coding was used to identify themes.  
Motivation  
 Motivation to participate in WATER Club or citizen science was defined as “goal-driven 
inclination to achieve a science or environmental behavior or activity” (Phillips et al. 2018; Peter 
et al., 2019). Motivations were coded as any goals associated with initially joining the club and 
continuing or not to participate in the club.   
Motivation to join the club linked to interest and potential enjoyment   
 Six out of eight students discussed initially joining the club because they were interested 
in the environment, water quality or the subjects discussed in the club. Students also mentioned 
initially joining the club to learn about Deckers Creek (1/8), the promise of making an impact 
(2/8), their teacher’s persuasion (2/8), and because of the field trips presented in the club (2/8) 
(Table 2). One student described their initial decision to join the club because of the field trips 
presented as an option of the club and continuing to participate for other motivations that arose 
within the club:  
“I was in [teacher’s] class and for biology and he told us all about it. And he said that we 
could go on a field trip to Spruce Knob, and that he said that we would have a lot of field 
trips. So, I originally joined for the field trips, because all the field trips he was talking 
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about sounded really fun. And then I showed up to a few of the meetings and I was kind 
of hooked because it was so hands-on in the environment. Like it felt like you were 
actually doing something.” – Participant 6  
Continued Motivation to Participate    
 Five out of eight students also described the real-world applications to the environment 
and their community, which led them to continue participating in the club. They described what 
they did in the club as “important”, “rewarding”, “making a difference” and “doing something 
productive”. Half of students described social goals for continuing to participate in the club, such 
as making and seeing friends, liking the people in the club, being with “like-minded individuals.”  
“Honestly, I had a lot of fun. The more I came to the meeting things, the more fun it 
became. To be honest, I didn’t have a lot of friends when I first joined junior year, I was 
kind of like there alone. But whenever we started going out to the creek and exploring 
things, I made friends and also getting to like, do things hands on, go to the creek and 
learning all this stuff. I remember coming home, I’d be like, wow, I know this now. Like, 
I know about acid mine drainage, and things like that. And it felt like I was doing I was 
making a real difference, but also like learning things. So, I really enjoyed the 
experience.”  – Participant 5.  
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Table 2.  
Motivation Coding Tree  
Parent Code Child Code # Students 
Initial Motivation • Interest in the 
environment  
• Make an impact  
• Field trips  






Continued Motivation • Hands-on, activities  
• Social 
• Career 
• Helping the environment/ 











 In the context of this study, awareness of environmental issues was defined as a 
“sensitivity to the total environment and its allied problems and/or issues” (Hungerford & Volk, 
1990, p. 258). Students were asked questions related to their own awareness of environmental 
issues before and after participating in the club. We were interested in determining their 
perceived differences between their sensitivity to issues within Deckers Creek before and after 
participation in the club. 
Students aware of water quality issues in Deckers Creek 
 Most students described their awareness of the issues of Deckers Creek as having general 
knowledge that Deckers Creek was “dirty” and has “water issues” or “pollution” (7/8). This 
information came from general observations of the creek from growing up in Morgantown (2/8) 
or having their parents (2/8) or family/friends talk with them about the issues of Deckers Creek 
or be involved in some community group focused on the issues of Deckers Creek (1/8) (Table 3). 
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One student, who was recruited by the teacher to help create the club was an exception to this, 
and described themselves as more aware than most. This student had also previous volunteered 
with Friends of Deckers Creek and was aware of specific problems associated with the creek, 
such as acid mine drainage.   
“I just knew like general that there were water problems, but I didn’t know what it was.” 
– Participant 8  
“But I didn’t really understand what it really meant for water to be healthy.” 
 – Participant 2 
Awareness of environmental issues changed as a result of participation 
 After participating in WATER Club, all students expressed that their awareness of the 
problems of Deckers Creek have changed. Students were able to describe at least one specific 
problem associated with the water quality of Deckers Creek that they did not know before the 
club. Four out of eight of the students describe being able to communicate the water quality and 
acid mine drainage issues of Deckers Creek to others. One student was now aware of the 
responsibility they have to fix the issues.  
“I realized; Oh this goes further than I thought.” – Participant 4 
“I had known that it was like that, but I didn’t really understand the extent to which that it 
was like that and like I didn’t understand that cause either being like the mines and the 
sewage” – Participant 5  
“So, I learned- I didn’t know much at all.” – Participant 1  
“I wasn’t fully aware of the responsibility we have to fix it.” – Participant 1  
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Table 3.  
Awareness Coding Tree 
Parent Code Child Codes # Students 
Water Quality Issues 
Before  
• General water pollution 




Water Quality Issues 
After 
• Sewage/Fecal Coliform 







 Students were asked questions related to their knowledge of conducting science, water 
quality and citizen science throughout the club. Phillips et al. (2018) separates knowledge into 
three main categories: 1) knowledge and understanding of science content, such as facts or 
concepts; 2) knowledge and understanding of the science processes or the methodologies used to 
conduct research; and 3) the knowledge of the Nature of Science or how science is used to 
generate knowledge. Questions in this study were limited to knowledge and understanding of 
science content, and knowledge and understanding of the science process or methodologies used 
to conduct research. Students were not asked questions about the Nature of Science or how 
science is used to create knowledge, as this was not a topic that was discussed at length within 
the club.  
Students described knowledge related to science content and process. 
 Content Knowledge. When asked what they learned in the club, the students described 
information related to science content or facts related to water quality, science processes or 
related to research and real-world applications of that knowledge. Science content was broken 
into child codes related to indicators of water quality, watershed issues, data application, citizen 
science, and stewardship (Table 4). All students described indicators of water quality that were 
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discussed in the club, with the most mentioned specific water quality parameter being pH (8/8). 
Other notable terms and concepts mentioned were: acid mine drainage (4/8), macroinvertebrates 
(5/8), conductivity (4/8), TDS (3/8), erosion (4/8), temperature (6/8), visual assessments (3/8), 
turbidity (2/8), salinity (3/8). Six of the students were able to describe watershed level impacts to 
Deckers Creek. Students also described how the data they learned would be important to use to 
compare water between multiple locations or watersheds (4/8) or fix other portions of the stream, 
and (3/8) mentioned using the data to advocate for local bodies of water in local government, 
groups, laws, etc.  All students were able to recall the citizen science protocol that they followed 
to collect the water quality data. Students were also asked to describe what citizen science and 
most students described it as a way to help researchers, the community or the environment (4/8) 
or a process of involving community members in research (4/8): 
“Citizen science means to me when an individual who may or may not have, like, a 
higher affiliation to the scientific community takes it upon themselves to go out into the 
public and attempt to research or present a scientific idea based on local or immediate, 
issues in their community.” – Participant 2   
 Science processes. When asked what they should consider when setting up a scientific 
study or conducting research, students also described knowledge related to science processes. 
Students described information related to having a guiding question or hypothesis, collecting and 
sharing data, collecting accurate data, the importance of data in data collection and throughout 
the study (2/8), working as team, peer review of the findings, communicating the findings of the 
study with others, and knowing your resources such as the budget, time, people. While all 
students described knowledge related to science processes, most only mentioned 1 or 2 steps in 
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the science process. Students gave multiple ideas related to the process of science, with some 
students (3/8) approaching the question in a step-wise manner as illustrated below:  
“When you're setting up a scientific research project? Well, you'd figure out well, first what 
you want to know. And then why you want to know it. If you would have, well, you have to 
figure out a budget because that's important too. You can't just go out and then buy like 15 
probes for the water, and then be like, Oh, well, I just took all of that out of my own pocket 
because that's all expensive. Who's gonna do the research with you? Citizen scientists are 
usually they mean they're not paid. So, I mean, I guess that's a good way to cut back on costs. 
But it's just like, all little things. So, you got to put in all your data, how you're going to show 
your data? Who wants the data? Is it just you? Why do you want the data?...”- Participant 6  
Table 4.  
Knowledge Coding Tree  
Parent Codes Child Codes # Students 
Science Content • Indicators of Water Quality  
• Data Application 
o Comparison between 
watersheds 
o Advocate for local bodies of 
water  
• Citizen Science  
• Watershed Issues 










Science processes • Problem question/hypothesis  
• Accurate data  
• Study Replication 
• Collecting & sharing data 
• Communicate with others  
• Study design 
• Resources 
• Working as a team 
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Science Self-Efficacy  
 Self-efficacy describes a person’s beliefs about their ability to learn specific content and 
to perform a specific behavior (Bandura, 1997). According to Phillips et al. (2018), self-efficacy 
for citizen science “is the extent to which a learner has confidence in his or her ability to 
participate in a science or environmental activity.” (p. 8) Students were asked questions in 
relation to their confidence or self-efficacy in “doing science” or performing scientific research 
or the scientific method before and after the club, their general feeling towards science before 
and after the club, how they thought of themselves as a scientist or someone who does scientific 
research, and if they believe they’ve contributed to science. All of these questions were used to 
determine if and how the club influenced their self-efficacy towards conducting science or 
studying study.  
Initial self-efficacy related to doing science  
 When asked about their confidence in their ability to do science, six out of eight students 
described an increase in their confidence in their ability to do science or conduct scientific 
research as a result of participating in WATER club. Students were asked to rate their confidence 
in “doing science” or performing research on a scale of 1-10 before they joined the club. A one 
on the scale represented no confidence and a ten on the scale represented having complete 
confidence compared to a professional. Prior to joining the club, five out of eight of the students 
described their confidence as between a six and eight. Students who were already confident in 
their ability to do science cited various reasons such as having science class in school and having 
to do experiments, labs and the scientific method in school, being interested in science and 
reading scientific articles (2/8). Some students, however, described some doubts or insecurities 
related to using science because they had not used science in a real-world application.  
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 Three students described themselves as not confident in their ability to do science before 
the club. These students rated their confidence in their ability to do science as a two to three and 
cited reasons of not using science outside of the classroom, thought they weren’t naturally good 
at science, had no experience using the scientific method, and didn’t see themselves as someone 
who could study science or go into science (Table 5).  
Increases to self-efficacy related to WATER club participation 
 After participating in the club, all students described an increase in self-efficacy or 
confidence in their ability to do science. When asked again how they would rate their confidence 
on a scale of 1 to 10, students who had a high self-efficacy noted a slight increase of one to two 
points on the scale, while those who had initial low self-efficacy, described that they would rate 
themselves higher on the scale. All student self-reported responses after their involvement in the 
club ranged from a 7 to 9. This question was used to have them reflect on how the club might 
have influenced their confidence. The majority of students (5/8) described the hands-on 
experiences related to activities in the club as the reason that their confidence increased such as 
collecting data, using math, and using the scientific method in the club. Other reasons the 
students cited a change in confidence were having role models such as instructors (2/8), 
understanding the process of science (1/8), being able to work with other students (2/8), and 
seeing the real-world application of science to their community (1/8) (Table 5). 
Changes in attitudes towards science  
 When asked questions related to their attitudes towards studying science before and after 
the club, the majority of the students responded that they “liked science” (7/8), however only 
half of the students thought they were “good at science.” One student described not liking 
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science when they initially joined the club. Two other students expressed that while they were 
good at science and liked science, they still had an insecurity or doubts related to doing science. 
“I think I really liked science, like, I felt positive about doing science. I think there was 
just some of like, I don't want to say insecurity, but like, I thought maybe I couldn't do 
everything that I would like me to do, but I like I like science before.”  
- Participant 4  
When asked to elaborate on their doubts, this student went on to explain her lack of experience 
as the cause of those feelings.  
 After participating in the club, seven out of eight students described themselves as “good 
at science.” Students also described science as fun or enjoyable (2/8), less intimidating (2/8), 
“more attainable” by observing the instructors and seeing them as role models (2/8). Two 
students described no change to their attitudes towards studying science (Table 5). 
I just think I've become a lot more confident in my ability to collect data and to be able to 
understand what it means in practical terms, because I think, again, the stream quality and 
being able to see the stream around me is much different than being in a classroom 
setting where I can't necessarily see those things that aren't in front of me, just something 
about being able to be in the field connected that for me. It made me- and seeing you 
[interviewer] do what you're doing or like to seeing other like adults, like kind of 
modeling the way, because I haven't really had like- my parents aren't in STEM at all. 
They're not they don't know very much about science. So, it's like having those role 
models there and people doing like what you want to do. It just makes things seem more 
achievable. – Participant 4 
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Attitudes towards contributing to science  
 When asked if they had contributed to science, seven out of eight students reported 
feeling like they had contributed to science from participating in WATER club (Table 5). Six of 
those students described that by collecting data for citizen science, they were contributing to 
science as illustrated below:  
“I mean, even one-time collecting data and actually entering it in the system, that’s 
contributing. I mean, whether we did it once or a couple of times, like, it was 
contributing.” – Participant 7  
Two students described contributing to science through raising awareness for environmental 
issues and educating others.  
 
Table 5.  
Self-Efficacy Coding Tree  
Parent Code  Child Code # Students 
Described change in self-
efficacy 
Small increase  
Large increase   
5/8 
3/8  
Influences to confidence before Positive  
• School/science class prepared me for 
the club  
• Understood science 
• Previous interest in science 
 
Negative  
• Never displayed capability  
• Didn’t think they would be a scientist 













Influences to confidence now • Role models 
• Understand process of science 
• Hands on experience 
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Attitude towards science Before Club 
• Liked science  
• Insecure/scared  
• Didn’t like science  
• Not good at science 
• Good at science 
 
After Club  
• Fun/enjoyable  
• Less intimidating  
• More attainable / anyone can be 
scientist 
• Good at science 
• Not good at science 















Contributed to science  Citizen science is contributing to science 
• Collecting data 






Stewardship Intentions and Behaviors 
 Stewardship behavior change in citizen science was defined as “measurable actions 
resulting from engagement in citizen science, but external from the protocol activities and the 
specific project based-skills” (Phillips et al., 2018, p. 10). During the interviews, students were 
asked questions related to any behaviors they might have done outside of the club or in their 
daily life to help Deckers Creek. External activities include any new activity taken by the 
students that did not happen during and within the club. For example, in one club activity some 
of the students communicated their findings of the citizen science project to a group of other 
students. Presenting those ideas to another group was novel to some students but was not counted 
as a behavioral change because it took place within the club.  Behavioral changes were noted if 
the behavior was not assigned or suggested by the club and students performed the behavior on 
their own.   
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Actual Behavioral Change 
 Most students described new actions they took outside of the club, but one student did not 
think they had performed any new action outside of the club (1/8) but mentioned other actions 
within their interviews that demonstrated that they had performed a new behavior (Table 6). All 
students described at least once where they had spoken to people outside of the club about 
Deckers Creek, its water quality issues or the club to their peers, their family or co-workers. Two 
students described picking up trash as a new behavior. One student, who regularly attended club 
meetings, described that she wrote about the club in her college entrance application essays, 
spoke about it in her college interviews, and tried to recruit members to the club.  The following 
quotes demonstrate the various behavioral change:   
“I mean, usually, you see trash and you know, you think about it, you usually will pick it 
up, but I definitely, like, look for it now. If that makes sense? If I go somewhere, I'm kind 
of like looking for it. Not even just trash, but like- I go to waterfalls a lot. It's one of my 
cousin’s, and I like favorite hobbies to do. All over West Virginia. And like, every time I 
go, you can kind of just tell like- not even acid mine drainage, but you know, the orange 
color is all over the rocks. And she's like, ‘Oh, my gosh, that looks so cool!’ And I'm like, 
‘Oh, yeah, but actually, like, that's not good, you know?’” 
  – Participant 7  
“Well, one thing I’ve been doing more is like just talking about Deckers Creek and like 
creek health in general, which was something I never like, even discussed ever.”  
  – Participant 1  
“I would like talk to my friend like my college friends would be like, oh yeah, like I'm 
involved like in this project trying to like help Deckers Creek and they're like, ‘Oh like 
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what what's wrong with Deckers Creek?’ And I'm like, ‘Oh, well, there's an abandoned 
mine that has caused the creek to become more acidic and like just a hostile environment 
for living organisms and we're trying to like develop a restoration project’ and I just like, 
yeah, generally talk about Deckers Creek.” – Participant 4  
 
Behavioral Intent  
 Five out of eight students said that they intended to do something in the future to help 
Deckers Creek (Table 6). These students described volunteering with Friends of Deckers Creek 
or other advocacy groups.  
“ I think I will obviously, probably do more volunteer work as my time as a student and I 
have thought about when I do I want to go to Friends of Deckers Creek, because they 
were talking about their volunteer opportunities when we went for a couple field trips and 
I was interested.” – Participant 7  
Two students mentioned not intending to take any action to help the creek, and described their 
reasoning as follows:  
“Honestly, like, I never really thought about, I know it needs action, but I don't know. 
Like, I never thought about me being the one that- I know, I need to, but, like I never 
really thought about it that much, like me taking the action.” – Participant 8  
 
“Um, oh, probably not. I mean, if an opportunity presents itself I'll always be, you know, 
there to help but I'm not planning on like leading any sort of initiative or anything.” – 
Participant 5  
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 When asked if they plan to take any action to help Deckers Creek outside of the club, one 
student mentioned the difficulty of doing so because of the current COVID-19 restrictions in 
West Virginia at the time of the interview:  
“Definitely. I think it's hard right now because of the Coronavirus, but it, I mean, I hope 
that eventually I'll be able to get more involved with the citizen science programs that, 
with Deckers Creek, and I hope to continue the WATER club when it is more of a 
realistic option through school.” – Participant 6 
Potential Stewardship Behaviors 
 Students were also asked to describe one or two things that someone could do to help 
Deckers Creek. More than half of students (5/8) mentioned getting involved with citizen science 
or collecting citizen science data for the Friends of Deckers Creek. Students described many 
other actions such as: talking with others about the issues; picking up trash; civic action like 
voting, petitions to stop sewage from flowing into the creek, keeping up with local legislation; 
holding a restoration or plantings, and organizing events.  
“Well, one thing, I can like continue taking the surveys and helping like monitor the 
water quality of Decker's Creek, the restoration project would help, potentially. Um, 
yeah, I think that's about it, like other than that and just like talking to people about it, see 
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Table 6.  
Behavior Coding Tree  
Parent Code Child Code  # Students  
Actual Behaviors  
 
• Talking to peers/family/others outside 
of the club  
• Picking up trash 
• Researched club topics 
• Wrote about club in college essay 







Intended Behaviors  • Volunteering  
• Get involved with advocacy groups 







• Talk with others 
• Pick up trash 
• Citizen Science 
• Restoration/plantings 
• Civic Action (local legislation, vote, 
petition) 











 In summary, participants described a change in motivations, change in awareness of 
environmental issues of Deckers Creek, gain in knowledge related to science content and science 
process, change in self-efficacy related to science, and described an actual behavioral change. 
Students were able to thoroughly describe water quality and watershed issues in Deckers Creek. 
The club had many effects on the participants, some outside of the scope of this study, but 
overall, the outcomes related to the initial research questions were described and recorded 
through the interviews, with most outcomes independently described through multiple student 
interviews.    
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Chapter 5: Discussion 
 After participating in a collaborative water quality citizen science program, all students 
described outcomes related to environmental awareness, knowledge of science content and 
process, motivation, science self-efficacy, and stewardship behavior. The student interviews 
revealed the extent to which each student participated in the program and while all students had a 
unique experience with varied participation, there were still many unified themes throughout the 
interviews that resonate with the literature.  
Awareness of environmental issues  
 Most students described having an increase in awareness of the environmental issues of 
Deckers Creek after participating in WATER club. Specifically, their awareness of water quality 
issues moved beyond that of just “pollution,” to specific environmental problems facing Deckers 
Creek such as acid mine drainage and combined sewage overflow systems. Half of the students 
also described their awareness of the issues as now being able to explain them to someone else, 
which demonstrates the degree to which they understand the local environmental impacts to 
Deckers Creek. This is consistent with the increase in knowledge related to content specifically 
surrounding Deckers Creek, water quality issues and watershed issues. This increase in 
knowledge of watershed issues was consistent with the initial club meeting (April, 2019), where 
there was a PowerPoint presentation from Friends of Deckers Creek about acid mine drainage 
and Lesson 2 (May, 2019; see Appendix C), which focused on watershed scale problems of 
Deckers Creek. The regular meeting location of WATER club to take water samples was also 
located near a Morgantown Utility Board sewer effluent site, which suggest why many students 
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discussed sewage as an issue of Deckers Creek. Jordan et al. (2011) also found an increase in 
awareness related to contextual topics of an invasive species citizen science program. Awareness 
is linked to knowledge (Hungerford & Volk, 1990) and described awareness is consistent also 
with the content knowledge gains in participants. Students also described content and science 
process knowledge gains throughout the interviews.  
Perceived impact on content knowledge  
 Topical content knowledge are the facts and concepts related to the citizen science 
program. Students described many terms that were referred to as indicators of water quality and 
watershed issues such as “pH” and “acid mine drainage.” They were also able to describe 
different situations where their data would be used, such as by local advocacy groups and to 
compare water quality of local streams. Students gave their own definitions of citizen science 
which included helping the community and scientists. They were also able to explain the step-
wise protocol of collecting the scientific data. This is consistent with much of the literature that 
suggests real knowledge gains can occur from participating in citizen (Crall et al., 2012; Jordan 
et al., 2011). This is, of course, generally true for participants or volunteers that do not have 
sufficient knowledge of the program beforehand, which was found by Overdevest et al. (2004). 
This program relied on the use of environmental education during meetings and sampling 
(Appendix C), which discussed all of these topics through experiential learning opportunities and 
consistent group discussions which could have resulted in the knowledge gains described 
through the interviews.  
Perceived impact on knowledge of science processes  
 Science process is described as “understanding the methodologies that scientists use to 
conduct research” (Philips et al. 2018, p. 9). Students described various science processes when 
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asked what they learned about conducting research. These responses were varied, potentially 
because vagueness of the question, “What are some important things to think about when setting 
up a scientific research project?” There appeared to be a lot of interpretations of “setting up a 
scientific research project,” and some students described their thought process using questions. 
Key steps in the scientific method and in organizing research in general were reported by 
students. Some students mentioned the budget and personnel, and some described the research 
question and collecting data. Students learned information about being scientists and discussed 
various organization and planning issues that researchers face when setting up a study. This was 
informally discussed throughout the program, with one notable meeting where we included 
students in our discussion of the budget for the fall restoration project. In this Zoom meeting, we 
showed students the budget breakdown and asked for their opinion on what the club needed to 
purchase to complete the communication and restoration goals for the day. The literature 
suggests that few projects measure science process as an outcome of knowledge or at all (Philips 
et al., 2018) and some studies that have attempted to measure science process (Jordan et al., 
2011; Brossard et al., 2005) found no increase in science process knowledge.  A clear linkage 
between CS project objectives, participant training and tasks, and appropriately linked outcomes 
is needed to ensure project success.  Further study on the construction of science process 
knowledge through citizen science is needed.  
Student Motivations Changed Throughout the Program 
 The majority of students described intrinsic motivations (5/8) such as having an interest 
in the environment, which they cited as their primary reason for joining the club. The club was 
originally described to them as an environmental club. Students were recruited to the club 
through a teacher and one of the other club members, which explains the few students that cited 
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their teacher as the primary reason they joined the club. Few students cited other motivations for 
joining the club such as the potential to make an impact and the promise of field trips. All of 
these intrinsic motivations are consistent with citizen science research (Geoghegan et al., 2016), 
which suggests that volunteers’ motivations change throughout the course of a project (Rotman 
et al., 2012). When asked why they decided to continue to participate, most students described a 
realization that they were going to help the environment or make a “real-world” impact. Some 
students described having social goals such as making friends, career goals, and learning.  
Current motivation frameworks for citizen science are based on those of volunteering, because 
citizen science is a volunteer activity. Finkelstein (2009) described both intrinsic and extrinsic 
motivations for volunteering in general, such as: understanding, values, social, enhancement, 
career, protective. In citizen science, the most common motivations found in previous research 
are altruistic, such as caring for a resource or the environment (West & Pateman, 2016; 
Geoghegan et al., 2016; Domroese & Johnson, 2017). For the students in this club, motivations 
changed over time when they learned the potential to make a real-work impact, which is 
consistent within the volunteering literature and citizen science literature as well (West & 
Pateman, 2016).  
Perceived impact on science self-efficacy  
 Self-efficacy describes a person’s beliefs about their ability to learn specific content and 
to perform a specific behavior (Bandura, 1997). According to Phillips et al. (2018, p. 8), self-
efficacy for citizen science “is the extent to which a learner has confidence in his or her ability to 
participate in a science or environmental activity.” The four main sources of self-efficacy are 
mastery experiences, vicarious experiences, social persuasion and physiological states (Bandura, 
1997). Students cited both positive and negative influences on their science self-efficacy or their 
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confidence to “do science” or conduct research. They described that school and science class had 
prepared them for the club (mastery experience), so they felt they understood science and they 
had previous interest in science. Some students described both being good at science, but not 
being confident in their abilities to conduct scientific research, while others described just not 
being good at research. Students cited reasons such as never displaying their capability, not being 
sure how to approach science on their own, and that didn’t think they would be a scientist.  
 After participating in WATER club, all students described changes to their self-efficacy. 
The students also described changes in their attitudes about studying science and their feelings of 
how “good” they were at science. Many students liked science before their involvement in the 
club, but only half felt like they were good at science. Because of mastery experiences presented 
throughout the club, their attitudes towards science changed to having seven out of eight students 
feeling like they were good at science. The various influences they attributed to that change were 
hands-on experience (mastery experience), having adults model the behavior, in particular, 
women instructors (social persuasion), working with others (vicarious experiences), feeling like 
the understood the process of science, seeing it in the community, and the feeling that they had 
contributed to science (Bandura, 1997). This is consistent with other studies of self-efficacy on 
youth in citizen such as Hiller et. al, 2012 which showed self-efficacy gains after participation in 
a horseshoe crab citizen science program. Other research has suggested that self-efficacy is 
important for environmental citizenship (Berkowitz et al., 2005) along with knowledge, 
awareness, skills and opportunity to bring change. Interestingly, Price and Lee found a decrease 
in the self-efficacy of their participants after participating in an online citizen science program, 
attributing the change to the realization of how much they didn’t know previously about the topic 
(2013). A few students in this study also noted they realized that they knew less than they 
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previously thought, but potentially because of the other experiences in the club that allowed for 
other efficacy processes to form, such as mastery experiences, a decrease in self-efficacy wasn’t 
described. Various factors of WATER club such as the hands-on citizen science experience, the 
support from the teacher and instructors, and the ability for students to meet and make friends 
were all described as factors that influenced the students’ self-efficacy.  
Stewardship Behavior  
Actual Behaviors  
 Phillips et al. (2018) described various actual stewardship behaviors that could result 
from citizen science in categories such as global behaviors (minimize ecological footprint), 
place-based behaviors (picking up trash, outreach), new participation in science or environmental 
activities, community or civic action, and transformative life-style changes (owning a hybrid 
vehicle, becoming vegetarian). Students in this study discussed two new behaviors that they 
attributed to their participation in the WATER club, which were communicating and talking with 
peers, family and co-workers about the environmental issues of Deckers Creek and picking up 
trash. According to Phillip’s categorization of behavioral changes from citizen science, both of 
these behaviors would be considered place-based behaviors (2018). These results are consistent 
with other studies that assessed behavioral change in participants. Jordan et al., (2011) minimal 
behavior changes towards invasive species, even with an increase of knowledge and awareness, 
but most participants after the program spoke with others about invasive species, which is 
consistent with the results of this study. This result is also consistent with Overdevest et al., 
2004, which found that the majority of participants in a stream monitoring program either 
engaged in personal research or reading on water quality issues after their involvement in the 
program or talked with neighbors about water quality issues. Lewandowski and Oberhauser 
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found through survey research an increase in conservation related behaviors associated with an 
increase of knowledge of how to perform those behaviors (2017). Students did not explicitly 
state what led to the behavioral change in communicating with others about water quality issues 
of Deckers Creek, but an increase in knowledge of those issues as well as the many opportunities 
presented throughout the club to discuss and present on their knowledge (see Lesson 5; 
Appendix C) could have aided in this behavioral development. Lewandowski and Oberhauser 
also mention the solitary nature of citizen science and the majority of survey respondents did not 
participant in a group setting, which is unlike this study (2017). The nature of group sampling 
could have also aided in the development of communication skills. While there were few 
behaviors beyond communicating and picking up trash, students noted other intended behaviors 
and knowledge related to additional potential stewardship behavior.   
Intended Behaviors  
 Half of the students mentioned volunteering with Friends of Deckers Creek as an 
intended behavior in the future to help Deckers Creek, while one student mentioned staying 
informed on potential issues and getting involved in local advocacy groups. While participating 
in citizen science can lead to new participation in behaviors, many studies have described a 
discrepancy that exists between actual behaviors and intended behaviors. Toomey and Domerose 
(2013) cited linkages between conservation behaviors and citizen science from applying an 
intervention based on the Theory of Planned Behavior (Azjen, 1991). Hungerford and Volk’s 
(1990) model stress the linkages of environmental sensitivity (awareness), attitude (can be seen 
through the self-efficacy responses), knowledge, skill and locus of control (can be seen through 
the self-efficacy responses) that contribute to citizenship behavior.  
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 It should be noted that at the time of the interviews and of writing this manuscript, West 
Virginia COVID-19 regulations prevent gathering of large groups, which could act as a barrier 
for the participants to act on these intended behaviors.  
Knowledge of stewardship behaviors  
 Students were also asked to describe a few actions that people could do to help Deckers 
Creek. All students responded with at least one activity. Some of these activities were local, such 
as picking up trash, talking with others to raise awareness, planting trees and restoring the stream 
bank organizing events, participating in citizen science, and civic actions. Students mostly 
describe place-based behaviors (picking up trash, planting trees and restoring streams, talking 
with others; Philips et al., 2018). They did not describe any global or transformative lifestyle 
changes (Philips et al., 2018). Because the club centered on place-based solutions to the 
environmental issues in Deckers Creek and worked towards a final hands-on restoration project, 
their responses were consistent with the discussions covered in the club. Civic action was not a 
topic or focus of the club, so these responses could have been from prior knowledge, informal 
discussions that could have taken place within the club, or from one student’s own interest in 
civic engagement. However, knowledge of all this information is consistent with citizen science 
literature that suggests these are the main ways that people exhibit a behavior change (Phillips et 
al., 2018). Knowledge of these behaviors also helps to aid in performing the behavior according 
to the environmental citizenship model (Hungerford & Volk, 1990). Some of these behaviors 
were discussed with students during their creation of communication projects (Lesson 4 of the 
environmental education curriculum, Appendix C) and were reflected in the action item list made 
by one student (Appendix D), however not all students were involved in creating this project, so 
educational opportunities might have been lost on those that were not involved.  
QUAL CASE STUDY CITIZEN SCIENCE   53 
Study Limitations 
 This study had several limitations related to the study timeline and unforeseen issues due 
to COVID-19 and the interview process and therefore the outcomes. First, the interview process, 
which was originally scheduled for May 2020 after the restoration event, had to be moved due to 
COVID restrictions. In March 2020, all students in West Virginia schools transitioned to online 
learning, which limited the contact the researchers had with the students. After-school clubs were 
not allowed to meet, which resulted in the WATER club moving to virtual, Zoom meetings. As a 
result of this move, the majority of the students in the club “fell off” or did not continue to come 
to meetings. This limited our contact with the students greatly. Five out of the eight students 
interviewed were those that did not attend the virtual meetings of the club after they had gone 
online, due to various reasons. The restoration event which was originally scheduled for May 
2020, was moved to October 2020. This altered the timeline of interviews, so students were 
either interviewed before the restoration event in July-August 2020 (five students) or after the 
event in October 2020 (three students).  
 Another potential limitation was the interview protocol as well. Students were asked to 
reflect on their experiences in WATER club in a summative interview. The interview itself 
consisted of many questions and some knowledge related questions had students reflect back to 
their time in the club, which could have been six months to a year previous. While most students 
answered these questions thoroughly, many students mentioned difficulty answering some 
questions because of the length of time that had passed between the club activities and the 
interview, which could have introduced the possibility of the recall effect (Raphael, 1987). The 
length of the interview could have also potentially resulted in diminished quality of answers, 
however, most participant’s answers to the questions were fully formed and thorough. Only one 
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student had shorter, more concise answers to the questions throughout the entirety of the 
interview.   
 Because the students were familiar with the interviewer for roughly a year to year and a 
half, there could have potentially been a halo effect (Feely, 2002) which could have influenced 
their answers to the questions about WATER club based on the respondent’s inherent biases 
towards the researcher. Social desirability bias (Nederhof, 1985) could have also influenced 
participants’ responses, which is the tendency of respondents to deny undesirable traits or 
overestimate the likelihood that they would perform a desirable action (Chung & Monroe, 2003). 
In order to combat this, the importance of honesty at the beginning of the interview was 
emphasized by the interviewer as well as probing questions to fully understand the rationale 
behind their answer and substantiate their claims.  
Implications 
 The results of this study demonstrate the impact of a long-term, water quality monitoring 
citizen science program for high school youth. Students described outcomes related to: 
motivation (Geoghegan et al., 2016; Rotman et al., 2012; West & Pateman, 2016; Domroese & 
Johnson, 2017), awareness and knowledge (Jordan et al., 2011; Hungerford & Volk, 1990; Crall 
et al., 2012; Overdevest et al., 2004; Brossard et al., 2005), self-efficacy (Hiller et al., 2012; 
Berkowitz et al., 2005; Price & Lee, 2013) and behavior (Jordan et al., 2011; Overdevest et al., 
2004; Lewandowski & Oberhauser, 2017) that corroborates existing literature. Student 
interviews gave explanations as to what elements of the program were successful to the students 
such as: the environmental education activities that contribute to gains in content and process 
knowledge; the hands-on nature of program, working in groups and having instructors (and 
particularly female) role models that contributed to an increase in self-efficacy; the “real-world” 
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impact of the club and the potential to make social connections that aided in sustaining continued 
motivation in the program; the heightened awareness of local environmental issues from 
engaging in the curriculum and observing the first hand impacts to the environment through 
citizen science; and the actual behavior change of all participants of speaking to others that was 
also developed through group discussion and communication projects. When designing a 
program for youth, future program managers can use elements of this program as a starting point 
to create an engaging water quality program for youth. The results of this study could also 
influence formal and non-formal STEM education. By integrating elements of environmental 
education and citizen science, educators would be facilitating “real-world” connection to science 
that could increase engagement in the sciences as well as increased science self-efficacy, 
motivation, awareness of local issues, increase communication skills and potentially civic action. 
Creating connections with local community partners to achieve this would also lead to a 
sustained program that could foster these outcomes as well as provide additional role models of 
scientists and instructors that could affect science self-efficacy.  
Future Directions  
 While the scope of this study did not include outcomes such as science inquiry skills 
(Philips et al., 2018) or environmental science agency (Ballard et al., 2017), there was some 
evidence to suggest that these outcomes could have occurred or were in the process of forming 
for some of the students. Some students were able to describe knowledge related to science 
process in which they cited steps to the scientific method as things that are important to consider 
when conducting research. While this might demonstrate knowledge about the science process, 
actual science inquiry skills are those that can be evaluated through observation and skills 
assessments administered within the citizen science program or embedded assessments (Becker-
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Klein et al., 2016). Due to the constraints of the project and the unforeseen circumstances, we 
were unable to assess science inquiry skills, but future research working with youth in an 
environmental education and citizen science setting could focus on understanding the inquiry 
skills gained through embedded assessments as suggested by Becker-Klein et al. in 2016.  
 Future studies should also look at the similarities between citizen science and 
environmental education operations and evaluation to unify evaluation outcomes across both. 
Examining the long-term impacts of environmental education and citizen science in both a 
formal and non-formal setting would help to understand the impacts of these programs in and 
outside of the classroom. Future studies could use a mixed methods design to understand the 
exact experiences that influence citizen science outcomes in youth and could focus on more 
longitudinal programs to understand outcomes over time. Studies focused on cross-case study 
examinations of outcomes could better illustrate their impact on students and a study of multiple 
water quality monitoring citizen science programs that include youth could be a starting point.    
Conclusion 
  This study reflects the potential of citizen science and environmental education to impact 
youth motivation, awareness, knowledge, self-efficacy and stewardship behavior. Youth are a 
potential large audience for citizen science programs, as they are easily accessible and often a 
classroom teacher is using citizen science to supplement STEM curriculum. Because of this, 
citizen science should focus more on elements that contribute to youth development and 
educational goals as outcomes, incorporating youth voices and experiences as well (Ballard et 
al., 2017; Harris et al., 2017). Understanding youths’ perspectives and experiences through 
citizen science can allow program managers and project designer to make projects that can 
achieve higher level citizen science outcomes.   
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Appendix A:  Interview Protocol 
Introduction: 
         “First, thank you for participating in this voluntary interview. It should take about 15-20 
minutes. Your answers are going to be used to help improve the project you have been 
participating in, as well as in a graduate student degree.  The questions deal with your experience 
in the WATER Club. This interview is going to be recorded and will be as confidential as 
possible, meaning your name will not be attached to your answers. Please take your time and 
answer these questions as honestly as you can. You can skip any question or stop the interview at 
any point, just let me know. 
         The purpose of this interview is to understand the impact of the WATER Club on you 
and what you might have learned as a result of participating in the club. If you have any 
questions during the interview, please do not hesitate to ask. Are you ready to begin?” 
ID Number: 
“Before we begin, please create an ID number.  
Your ID number is the two digits that represent your birth month, the two digits that 
represent your birth day, and the initials of your first, middle, and last name.  So if your 
birthday is March 5 (03/05), and your name is Daniel John Smith, then your ID number 
would be 0305djs.” 
Questions:  
 First, let’s talk about your involvement in WATER Club… 
1. How long have you been a member of the club? 
2. How often do you come to WATER Club meetings? 
3. What do you feel your role is in WATER club? 
2. Why did you initially join the club? 
1. Why did you continue to participate or not? 
3. Describe for me what you did in WATER club? 
1. Tell me about some of the activities you did in WATER Club? 
2. Did you participate in any field trips? 
3. Did you get a chance to talk about or present your work or ideas to anyone outside 
the Club?  What was that like? 
4. What does citizen science mean to you?  Prompt:  If you had to describe citizen 
science to someone else, what would you tell them? 
4. Thinking back to before you joined WATER club, describe how aware you were of any 
water quality issues in Deckers Creek.  Did you ever think about the health of Deckers 
Creek prior to joining the Club?  If so, what did you think about? 
1. Has your awareness of the Creek’s health changed as a result of being in WATER 
Club? 
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2. What have you learned about water quality issues in Deckers Creek because of 
your involvement in the club? 
5. Thinking back to when you first joined this Club, on a scale of 1-10, how confident were 
you in your ability to do science?  Tell me why you chose that rating? 
1. Now, after participating in the Club, again on a scale of 1-10, how confident are 
you in your ability to do science?  Tell me why you chose that rating? 
2. Prompt—Did participating in the Club impact your confidence about doing 
science?  
6. How did you feel in general about doing science before you joined WATER club? 
Prompts:  Did you enjoy science?  Like science?  Hate Science? etc. 
1. How do you feel now that you’ve been in the club?  Has participating in the Club 
impacted your feelings about science? 
7. Before you joined WATER club, did you think of yourself as someone who was “good” 
at doing science? 
a.      Have those feelings changed from being in the club?  Has participating 
changed the way you feel about studying science? 
2. Do you think you have contributed to science?  Prompts: Why or why not? And 
how, or in what way? 
8. What do you think you’ve learned about doing science or conducting research from 
participating in WATER Club? 
1. What are some important things to think about when setting up a scientific 
research project? 
2. What water quality parameters did we study in the club? And why did we study 
those?  Can you walk me through how we collected the data? 
3. How might the data you collected be used?  How is the scientific information you 
collected helpful to science, or other people and groups?  
9. Have you done anything different to help Deckers Creek outside of the Club or in your 
daily life because of your involvement in the WATER Club?  Tell me about that. 
10. Do you plan on taking any action in the future to help Deckers Creek? 
1. Prompts:  Tell me more about those actions.  What are one or two things that you 
could do to help the water quality of Deckers Creek?  How would they help the 
Creek specifically?  
11. What parts of WATER club were most important to you? Why? 
1. What parts of the project were least important to you? Why?  
12. What would you say is your greatest takeaway from participating in the WATER Club? 
13. Is there anything else you would like us to know about your experience in WATER club? 
1. Any other final thoughts or questions for me? 
Wrap up: 
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Appendix B: Question Matrix 
Table 2 
Interview questions with related construct, purpose and reference 
Question Construct  Reference 
First, let’s talk about your 
involvement in WATER 
Club… 
How long have you been a 
member of the club? 
How often do you come to 
WATER Club meetings? 
What do you feel your role is 
in WATER club? 






Price & Lee, 2013; Ballard, 
Dixon, Harris, 2017 
Why did you initially join the 
club? 
Why did you continue to 
participate or not? 
Motivation  
Describe for me what you did 
in WATER club? 
Tell me about some of the 
activities you did in WATER 
Club? 
Did you participate in any 
field trips? 
Did you get a chance to talk 
about or present your work or 
ideas to anyone outside the 
Club?  What was that like? 
What does citizen science 
mean to you?  Prompt:  If you 
had to describe citizen science 







Ballard, Dixon, Harris, 2017 
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to someone else, what would 
you tell them? 
Thinking back to before you 
joined WATER club, describe 
how aware you were of any 
water quality issues in 
Deckers Creek.  
Did you ever think about the 
health of Deckers Creek prior 
to joining the Club?  If so, 
what did you think about? 
Has your awareness of the 
Creek’s health changed as a 
result of being in WATER 
Club? 
What have you learned about 
water quality issues in 
Deckers Creek because of 
your involvement in the club? 
Knowledge & Awareness   
Thinking back to when you 
first joined this Club, on a 
scale of 1-10, how confident 
were you in your ability to do 
science?  Tell me why you 
chose that rating? 
Now, after participating in the 
Club, again on a scale of 1-10, 
how confident are you in your 
ability to do science?  Tell me 
why you chose that rating? 
Prompt—Did participating in 
the Club impact your 
confidence about doing 
science?  
Science Self-efficacy  
How did you feel in general 
about doing science before 
Science Self Efficacy Hiller 2012 
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you joined WATER club? 
Prompts:  Did you enjoy 
science?  Like science?  Hate 
Science? etc. 
How do you feel now that 
you’ve been in the club?  Has 
participating in the Club 
impacted your feelings about 
science? 
Before you joined WATER 
club, did you think of yourself 
as someone who was “good” 
at doing science? 
Have those feelings changed 
from being in the club?  Has 
participating changed the way 
you feel about studying 
science? 
 
Do you think you have 
contributed to science?  
Prompts: Why or why not? 
And how, or in what way? 
Science Self Efficacy  
What do you think you’ve 
learned about doing science or 
conducting research from 
participating in WATER 
Club? 
What are some important 
things to think about when 
setting up a scientific research 
project? 
What water quality parameters 
did we study in the club? And 
why did we study those?  Can 
you walk me through how we 
collected the data? 
Knowledge  
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How might the data you 
collected be used?  How is the 
scientific information you 
collected helpful to science, or 
other people and groups?  
Have you done anything 
different to help Deckers 
Creek outside of the Club or 
in your daily life because of 
your involvement in the 
WATER Club?  Tell me about 
that. 
 
Behavior Tommey & Domroese 2013 
Do you plan on taking any 
action in the future to help 
Deckers Creek? 
Prompts:  Tell me more about 
those actions.  What are one 
or two things that you could 
do to help the water quality of 
Deckers Creek?  How would 
they help the Creek 
specifically?  
Behavior Knapp & Poff, 2001 
What parts of WATER club 
were most important to you? 
Why? 
What parts of the project were 
least important to you? Why?  
What would you say is your 
greatest takeaway from 
participating in the WATER 
Club? 
Personal relevance to the 
program 
Ballard, Dixon, Harris, 2017 
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Appendix C: Curriculum & Activities 
 
Lesson 1: Stream ID* 




At the end of this activity, 75% of students will be able to recall at least 4 physical stream health 
indicators and will be more aware that there are a variety of potential solutions that could be 
implemented to address stream health problems (chemical and physical). Students will also 
observe and measure stream health using a stream corridor physical assessment. Students will 
successfully measure and record water quality parameters using a multimeter probe.  
 
Lesson 2: Watershed Discovery* 
Authors: Jessica Kaplan & Megan Kruger 
 
Overview:  
Students will brainstorm and discuss impacts to Deckers Creek through group discussion and 
guidance from instructors. Students will determine which water quality parameters should be 
measured to assess the impacts of the various sources of pollution. Then, students will use 
LaMotte water quality test kits to test for various parameters not collected by citizen science data 
and discuss their findings.   
 
 
Lesson 3: Aquatic Macroinvertebrates at Tibbs Run Preserve* 
Author: Megan Kruger & Jessica Kaplan  
 
Overview: 
Students will learn about biological indicators of stream health through a benthic 
macroinvertebrate survey. They will learn the life history of freshwater macro-invertebrates, how 
aspects of stream health influence them, and how to collect data on them using the West Virginia 
Department of Environmental Protection sampling methods.  
 
Lesson 4: Data and Analysis* 
Author: Jessica Kaplan 
Overview:  
Students will review the physical, chemical and biological data collected throughout the year and 
describe how they can best analyze that data based what information is needed to know how to 
restore portions of Deckers Creek. Students will then receive a tutorial on excel and google 
sheets and learn how to manipulate their data to create visuals. They will then discuss their 
findings with their classmates.    
 
Lesson 5: Communication* 
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Author: Jessica Kaplan, Dr. Dave Smaldone  
 
Overview: This lesson is comprised of a presentation from Dr. Dave Smaldone, (Principle 
Investigator of the larger study), on effective communication techniques and an independent club 
project. Students will create their own communication project using the guidelines from Dr. 
Smaldone which could include a poster, flyer, news article, etc. Students will then use club 
meeting time to discuss and workshop their ideas and then will finally present their products at 
the restoration event to Morgantown community.  
  
 




Lesson 6: Restoration* 
Author: Jessica Kaplan, Dr. Jim Anderson 
Overview: This lesson is comprised of a PowerPoint presentation from Dr. Jim Anderson, 
Wetland scientist at WVU and a hands-on restoration project planned by students and research 
staff. Students will learn about stream restoration efforts in Deckers Creek and potential 
solutions to stream bank erosion from Dr. Jim Anderson. They will then participate in planning 
meetings with the research staff to develop a stream restoration project. They will then 
participate in a restoration event focused on restoring the stream bank erosion of Deckers Creek.   
See Dr. Jim Anderson’s PowerPoint on stream restoration (available upon request).  
 
*Contact author for full version of lesson plan.   
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Appendix D: Student Created Work 
Figure 1. Action Item List  
 
 
Action Item List. This flyer was distributed at the restoration event in October 2020 and is one of 
the products from Lesson 5 (Appendix C).  
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Figure 2. WATER Club Restoration Poster 
 
WATER Club Restoration Poster. This poster was designed by students in WATER club and 
presented at the restoration event in October 2020. It was a product of Lesson 5 (Appendix C).  
